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0 INSULATING TAPE OR SHEET. 

bending elasticity in a range of 500 to 20,000 Kgt/cm . wnn xni* i-h* 
excellent resistance to buckling can be provided at an extremely low cost. 
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Technical Field 

The present invention relates to an insulating tape or sheet. More specifically, the present invention 
relates to an insulating tape or sheet suitably used, in particular, as an insulating material etc. for an 
insulated wire to be used for electric wiring in electric equipments, electronic equipments and automobiles, 
and indoor and outdoor wirings. 

Background Art 

Conventionally, an insulating tape or sheet has been used for covering a conductor in an electric wire 
for insulating and protecting same. It comprises an adhesive layer formed on a polyester film, which is a 
substrate for the tape or sheet. Various adhesives such as polyolefins, thermosetting resins and polyester 
adhesives have been used for the aforementioned adhesive layer. 

Of the aforementioned adhesives, polyolefin adhesives are advantageous in that they do not cure at 
room temperature, permitting easy handling thereof, and are most inexpensive in cost. 

When an insulating tape or sheet having a polyolefin adhesive layer is used as an insulating material for 
an insulated wire to be used under severe conditions in the electric system of, for example, an automobile, 
however, the wire is susceptible to trouble due to the deformation and breakage of the wire, which is 
caused by a physical impact. When the wire is used in a bent state for a long time, moreover, the insulated 
wire experiences insulation failure due to the partial separation of the insulating layer from the adhesive 
layer in the insulating tape or sheet, or between the tape or sheet and the conductor, or due to the 
occurrence of crack in the tape or sheet, posing problems to be solved. 

Disclosure of the Invention 

Accordingly, the present invention aims at providing an insulating tape or sheet having a polyolefin 
adhesive layer permitting low production cost, which is usable as an insulating material for an insulated 
electric wire free of trouble or insulation failure even if it is used under severe conditions. 

The present invention aims at providing an insulating tape or sheet useful as an insulating material for 
the above-mentioned insulated wire, the tape or sheet being particularly superior in adhesiveness under 
high temperature conditions (heat resistance) and in the presence of water (hot water) (water resistance). 

The present invention further aims at providing an insulating tape or sheet useful as an insulating 
material for an insulated wire, which is superior in adhesiveness and voltage resistance characteristics when 
used under severe conditions of, for example, heat aging in a folded state and subsequent restoration to its 
original shape. 

With the aim of achieving the above-mentioned objects, the present inventors have conducted various 
studies and found that the trouble such as breakage of wire and insulation failure of the insulated wire, 
which is composed of an insulating tape or sheet having a polyolefin adhesive layer as an insulating 
material, are ascribed to an inferior buckling resistance of the wire comprising such tape or sheet. 

Further studies have revealed that the inferior buckling resistance is not caused by the polyolefin 
adhesive in the insulating tape or sheet or polyester film itself, but caused by the great difference in flexural 
modulus between the adhesive layer and the film layer, and that the above-mentioned objects can be 
achieved by setting the flexural modulus of the polyolefin adhesive layer for a specific range, which resulted 
in the completion of the present invention. 

That is, the present invention relates to an insulating tape or sheet comprising a polyester film layer and 
a polyolefin adhesive layer having a flexural modulus of from 500 to 20000 Kg/cm 2 . 

According to the present invention, an insulated wire having a superior buckling resistance and an 
insulating tape or sheet markedly inexpensive in cost can be provided. 

In addition, the use of an anchor coating agent, comprising a si lane-modified polyolefin resin or organic 
titanium compound as a main component, in the aforementioned tape or sheet as an anchor coat layer 
enables provision of an insulated wire having a superior buckling resistance, and further, an insulating tape 
or sheet having superior heat resistance, water resistance and voltage resistance characteristics. 

The present invention is described in detail in the following. 

The insulating tape or sheet (hereinafter referred to as polyolefin insulating tape) having a polyolefin 
adhesive layer of the present invention comprises a polyester film layer and a polyolefin adhesive layer 
and, where necessary, an anchor coat layer between the above-mentioned film layer and the adhesive 
layer. 
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When an anchor coat layer is formed with a si lane-modified polyolefin resin, the thickness of the layer 
is generally 3-30 urn, preferably 5-20 um. 

When adhesiveness and voltage resistance characteristics are particularly required, the anchor coat 
layer is preferably formed with an anchor coating agent comprising an organic titanium compound as a 
5 mam component. The organic titanium compound to be used in the present invention is exemplified by an 
alkyl titanate of the formula 

Ti(ORm 

io where.n n may be the same or different and each is alkyl having 1 to 27, preferably 3-19 carbon atoms or 
ally! Specifically, the following compounds are exemplified, which maybe used alone or in combination, 
tctra-i -propy Ititanate [Ti(0-i-C3 H7 )a ] 
tctra-n-butyltitanate [TifO-n-C^/)*] 
totra(2-ethy Ihexy !)titanate {Ti[(OCH 2 CH(C 2 H 5 )C* H 9 } 
75 totrastearyl titanate [Ti(OCi8H 37 )4] 

An anchor coat layer composed of an anchor coating agent containing an organic titanium compound 
as a mam component is subject to dissociation of -OR group in the molecule of the titanium compound by 
hydrolysis and becomes a colorless, transparent and extremely thin high molecular titanium oxide film 
having a structure similar to that of titanium oxide (TiCk). When an anchor coat layer is formed with the use 
20 of an organic titanium compound, the thickness of the layer is generally 0.0005-10.0 um, preferably 0.001- 
? 0 um 

Whnn flame resistance is desired for the insulating tape or sheet of the present invention, a flame 
retarder may be contained in the polyolefin adhesive layer. It has been confirmed that the addition of a 
flame retarder to the adhesive does not result in adverse influence on the improvements of the aforemen- 

25 tiored properties. The flame retarder may be a conventional one and is exemplified by halogen flame 
retarders such as bromine-containing flame retarders (e.g. decabromodiphenyl ether, hexabromobenzene, 
tetrabrorrob<sphenol A, a derivative thereof, pentabromobenzyl polyacrylate), chlorine-containing flame 
retarders (eg. chlorinated paraffin, perchlorocyclopentadecane, tetrachlorophthalic anhydride, chlorendic 
aad> and halogen-containing phosphoric acid ester, and non-halogen flame retarders such as inorganic 

30 Mamo retarders (e.g. aluminum hydroxide, magenesium hydroxide) and phosphorous flame retarders (e.g. 
phosphoric ester). Of these, non-halogen flame retarders are preferable. 

Whore necessary, an auxiliary flame retarder such as antimony trioxide and zinc borate may be also 
used 

Tht liamc retarder is preferably used in a proportion of 20-250 parts by weight, more preferably 50-200 
3b pans by *e»ght per 100 parts by weight of the polyolefin adhesive. 

In action, various additives conventionally used for polyolefin adhesive, such as inorganic fillers (e.g. 
titanium jioode. talc, alumina), antioxidants, copper inhibitors, ultraviolet absorbers and the like may be 
used as necessary. 

Tr*j insulating tape or sheet of the present invention can be produced by a known method by using the 

40 ato emontioned starting materials. 

When a flame retarder needs to be added to polyolefin adhesive pellets, the predetermined amounts 
♦he'col are added and kneaded in a biaxial mixer, cooled with water and cut into pellets again. 

When an urethane anchor coating agent or an anchor coating agent containing an organic titanium 
compound as a main component is used, it is dissolved in a solvent such as toluene, MEK, ethyl acetate or 

4b the l»kc into a 3-5% by weight solution when an organic titanium compound is used, and the obtained 
soiut»cn is applied to a polyester film by a known method such as roll coating (e.g. gravure roll coating, 
reverse roll coating) and spray coating, followed by evaporation of the solvent by passing the film through a 
tired dryer to form an anchor coat layer. When a si lane-modified polyolefin resin is used as an anchor 
coating agent, the resin in pellets is laminated by extrusion on a polyester film by a T-die extruder. 

50 The polyolefin adhesive pelleted in advance is extrusion-laminated, by a T-die extruder, on a polyester 
f.irr on which an anchor coat layer has been formed. When a silane-modified polyolefin resin is used as an 
ancho- coating agent, the resin and the polyolefin adhesive may be simultaneously extrusion-laminated on 
the polyester film. 

Wt>en an anchor coat layer is not desired, adhesive pellets are directly extrusion-laminated on the 
55 pol/uMuf film. 

In ih* way. a three-layer insulating tape or sheet, or a two-layer insulating tape or sheet can be 
obtained The insulating tape or sheet thus obtained may be reinforced with cloth, glass cloth etc. 
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Brief Description of the Drawings 

3 is a toad-apmprcssion distance curve obtained in «*> "**°^*°! cnara cteristios and (b> is a plane 

Comparative Examples in the following. 

Examples 1-5, Comparative Example 1 

An iae,ha„e anchor poatlr* a 9 .n, .» applied t» . =0 rjj. •£ ^r^KETS 
» lorn, , 3 urn thick anchpr coat layer The poly** adhesrvps » shown ^ > ^ 

shown in Table 2 were mixed in a ret.o indicated m Tabte iardW ™* « einrus i 0 „- lam ir»ted. 

a 80 um thick adhesive layer. 
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Table 1 
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50 



kind 



EVA 



acid*-modified L-LDPE 



acid~-modified PP 



blend (70:30 by weight) of acid modified 
L-LDPE and acid"** modified HDPE 



properties 



Ml = 9.0, vinyl acetate content = 12% by weight, mp-86*C 



Ml = 3.0, mp = 120*C 



Ml = 2.3, mp = l35*C 



55 



Ml: melt index (g/10 min) 
mp: melting temperature 



": maleic anhydride 
maleic anhydride 
: maleic anhydride 
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Table 2 





Additives 


bromine flame retarder 


hexabromobenzene 


chlorine flame retarder 


perchlorocyclopentadecane 


auxiliary flame retarder 


antimony trioxide 


inorganic filler 


titanium dioxide 


antioxidant 


hindered phenol compound* 


copper inhibitor 


3-(N-salicyloyl)amino-1,2,4-triazole 



tetrakis[methylene-3-(3\5 , -di-tert-butyl-4 , -hydroxyphenyl)propionate]methane 



Table 3 



Example No. 


1 


2 


3 


4 


5 


Com. Ex.1 


polyolefin adhesive content 


| 100 


100 


100 


100 


100 


100 


kind 


a 


b 


b 


c 


d 


a 


bromine flame retarder 


40 






40 


100 




chlorine flame retarder 






100 








auxiliary flame retarder 


10 




50 


10 


30 




inorganic filler 






10 








antioxidant 






0.5 








copper inhibitor 






0.5 








Note: The contents of the adhesive and the additives are all in parts by weight. 



The flexural modulus of the adhesive layers of the thus-obtained insulating tapes of Examples 1-5 and 
Comparative Example 1, and buckling resistance of the tapes as evaluated by the following method are 
shown in Table 4. 

40 

Buckling resistance 

Two insulating tapes were adhered in such a way as to allow contact of the adhesive layers by the heat 
roll laminate method to give a test sample consisting of two 50 mm (width) x 150 mm (length) insulating 

45 tapes in integrity. The laminating conditions were roll temperature 175 'C, laminate speed 0.5 mm/min and 
laminate linear load 6.0 kgf/cm and used were three pairs of 80 mm diameter silicone rubber rolls. The test 
sample obtained was subjected to the evaluation of buckling resistance by a stroke graph (R-2 type, 
manufactured by Toyo Seiki Corp.). As shown in Fig. 2, a test sample 5 was placed between two support 
bases 7a and 7b and fixed with a tape 6. A compression force was applied by moving the support base 7b 

so toward the direction of an arrow at a constant speed until the test sample 5 is completely bent. The toad- 
compression distance curve at that time was recorded on a chart. In Fig. 2, 4 is a load cell. An example of 
the load-compression distance curve is shown in Fig. 3. In Fig. 3. a curve 9 is without buckling and a curve 
8 is with buckling. The curve 8 has a peak 10 indicating buckling. Accordingly, the buckling resistance was 
evaluated by the possible appearance of the peak, which was expressed by O, meaning presence of 

55 buckling, and by X, meaning absence of buckling. 
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Table 4 




hucklinq resistance _ , 



10 
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Examples 6-10. Comparative Example 2 
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resistance of the tapes are shown in Table 5. 

Table 5 
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tapes. 

Adhesiveness of the adhesive layer to metal 

The test samples obtained in the same manner as above were subjected to a 180* peeling test at a 
speed of 50 mm per min using the above-mentioned stroke graph to determine peeling strength between 
the copper foil and the insulating tapes. 



Table 6 

10 



Example No. 


11 


12 


13 


14 


15 


Comp.Ex. 3 


flexural modulus 


500 


2600 


7700 


10600 


19200 


420 


adhesiveness (kg/cm) 


1.99 


1.92 


2.10 


2.05 


2.00 


1.55 


heat resistance (kg/cm) 


1.32 


1.64 


1.53 


1.40 


1.71 


0.70 


water resistance (kg/cm) 


2.36 


2.65 


2.25 


2.13 


1.98 


0.22 


buckling resistance 


O 


O 


O 


O 


O 


X 


over-all judgement 


O 


O 


o 


o 


O 


X 


flexural modulus : flexural modulus (kgf/cm 2 ) of polyolefin adhesive layer 



As is evident from the results of Table 6, the insulating tapes of Examples 11-15 have high profile in 
adhesiveness, heat resistance, water resistance and buckling resistance. In contrast, the insulating tape of 
Comparative Example 2 was inferior in heat resistance, water resistance and buckling resistance. 

Examples 16-20, Comparative Example 4 

As an anchor coating agent, an alkyl titanate solution (solid content 10% by weight) was applied to a 50 
jj.m thick polyester film with a gravure roll coater to form a 0.1 urn thick anchor coat layer. Meanwhile, 
adhesive pellets obtained in the same manner as in Example 1 (Example 16), Example 2 (Example 17), 
Example 3 (Example 18), Example 4 (Example 19), Example 5 (Example 20) and Comparative Example 1 
(Comparative Example 4) were laminated in the same manner as in Example 1 to give insulating tapes 
having a 80 urn thick adhesive layer. 

The thus-obtained insulating tapes were examined for the flexural modulus of adhesive layer, adhesive- 
ness of the adhesive layer to metal (conductor), buckling resistance and voltage resistance characteristics. 
The results are shown in Table 7. For reference, the adhesiveness of the adhesive layer of Comparative 
Example 3 to metal (conductor), buckling resistance and voltage resistance characteristics are also shown in 
Table 7. 

The voltage resistance characteristics were evaluated as in the following. 



Voltage resistance characteristics 

Two insulating tapes and five 120 am thick, 3 mm width copper wires were laminated at 1 mm distance 
between the wires to give a flat cable 14 as shown in Fig. 4 for use as a test sample. In Fig. 4, 11 is an 
adhesive layer, 12 is a polyester film, and 13 is a copper wire. Fig. 4(a) shows a cross section of the flat 
cable 14 and (b) is a plane view thereof. The flat cable 14 was bent to a right angle and subjected to heat 
aging at 100*C for 120 hours in the bent state. Then, the cable was cooled to room temperature and 
restored to the original shape. As shown in Fig. 6, a 5% brine 17 was filled in a container 18 and the pleat 
line of the flat cable 14 was soaked in the brine 17. A 1 kv voltage was applied for 1 min from a direct 
current power supply 15 to the copper wire located at the sidemost position of the copper wire 13. A 
decrease in the voltage was measured with a voltmeter 16. That is, the voltage becomes low when the brine 
17 entered the possible clearance between the copper wire 13 and the adhesive layer 11. Accordingly, the 
voltage resistance characteristics is expressed by O for those which did not show decrease in voltage and 
X for those which showed decreased voltage. Also, the appearance of the flat cable was observed and 
expressed by O for those which showed no change and X for those which developed color change or 
cracks. 
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Table 7 
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Industrial Application 
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ui o^h w electric wiring in electric equipments, 
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Claims 
1 



25 



flexural modulus of 500-20000 kgf/cm 2 



layer and the polyolefin adhesive layer. 

M of CMm 2 wherein the anchor coat layer comprises a silane-modif.ed 
30 3- The insulating tape or sheet of Claim w> 
polyolefin as a main component. 

4 . „ or - - C,,, Cstr - — • • — ~~ °' 

ethylene-ethyl acrylate copolymer with alkoxys.lane. 



hee , of Claim 2 wherein the anchor coat layer comprises an organic t,tan,um 
5. The insulating tape or sheet of Claim ^ wne 
compound as a main component. 

the formula 
Ti(ORV 

wherein R is an alkyl or an ally I. 

h p. of Claim 1 wherein the flexural modulus of the polyolefin adhesive layer is 
7. The insulating tape or sheet of Claim 1 , wnerein 
1500-15000 kgf/cm 2 . 

50 2500-10000 kgf/cm 2 . 
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FIG. 
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